The role of the CD4 molecule in activation of T-helper cells was examined by investigating the effect of an anti-CD4 monoclonal antibody (Leu3a) in conventional peptide antigen-specific cloned T-helper cells that are also reactive to staphylococcal enterotoxin B (SEB). These T-helper cell clones are CD4+/CD45RO+/T-cell antigen receptor «-chain variable region 12-positive and can respond to nominal peptide antigens and SEB by proliferation in the presence of class II major histocompatibility complex-expressing accessory cells. Although antigen and SEB were comparable in their ability to induce proliferative responses, interleukin 2 (IL-2) production, and IL-2 receptor a-chain expression, stimulatin with SEB failed to trigger phosphatidylinositol hydrolysis or a rise in the intracellular free calcium ion concentration. Leu3a treatment inhibited antigen-induced proliferative responses of T cells with concomitant suppression of IL-2 production and IL-2 receptor expression. In contrast, SEB-induced responses were unaffected by Leu3a. These findings indicate that the functional consequences of binding (ligation) of conventional antigen and of superantigen with the T-cell receptor are distinct in the context of both signal transduction pathways and participation of CD4 molecules.
though antigen and SEB were comparable in their ability to induce proliferative responses, interleukin 2 (IL-2) production, and IL-2 receptor a-chain expression, stimulatin with SEB failed to trigger phosphatidylinositol hydrolysis or a rise in the intracellular free calcium ion concentration. Leu3a treatment inhibited antigen-induced proliferative responses of T cells with concomitant suppression of IL-2 production and IL-2 receptor expression. In contrast, SEB-induced responses were unaffected by Leu3a. These findings indicate that the functional consequences of binding (ligation) of conventional antigen and of superantigen with the T-cell receptor are distinct in the context of both signal transduction pathways and participation of CD4 molecules.
Superantigens are molecules that are recognized differently from conventional antigens by responsive T cells. Superantigens are characterized by their ability to bind to a component or components of class II major histocompatibility complex (MHC) molecules and to stimulate T cells in a ,B3chain variable region (V9)-specific manner (1) . Conventional antigens bind within a polymorphic groove on class II MHC molecules and interact only with T cells bearing unique a and ,B T-cell antigen receptors (TCRs). Superantigens interact with class II molecules outside the antigen groove (2) and stimulate distinct Vg-expressing T cells (1) . CD4 molecules participate in antigen recognition and activation of T-helper (Tb) cells by binding a monomorphic region on class II molecules and increasing the avidity of the CD3/TCR complex for antigen plus MHC (3) . Evidence suggests that CD4 and the TCR coordinately engage MHC class II molecules to mediate efficient cellular immune responses (4) . Further, CD4 may transmit a signal via cytoplasmic tyrosine kinase, p56lck (5, 6) . The role of CD4 in the T-cell response to superantigens and signal transduction events The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
anti-CD4 mAbs at 4°C for 16 h in the absence of APC, washed extensively, and then stimulated with antigen and APC. In previous studies, we observed that Leu3a at 1 ,ug/ml blocked by >80%o the binding of fluorescein-conjugated Leu3a to T cells but did not induce down-modulation of CD4 molecules (8) . After washing, the cells were recultured with one of the following: medium alone, tetanus toxoid (2 ,ug/ml), PPD (2 ,ug/ml), Leu4 (1 ,ug/ml), phorbol 12-myristate 13-acetate (10 ng/ml) plus ionomycin (1 ,uM), or various concentrations of SEB and analyzed for proliferative responses, IL-2R expression, and IL-2 secretion. For proliferative responses 1 x 104 T cells were cultured with 4 x 104 APC in 0.2 ml of complete medium in round-bottomed 96-well plates with the indicated stimuli for 48 h, followed by a 16-h pulse of 1 pCi (1 Ci = 37 GBq) of [14C]thymidine. [14C]Thymidine incorporation was measured by liquid scintillation counting. IL-2R expression was determined with fluorescein isothiocyanate-labeled anti-CD25 mAb (Becton Dickinson) by flow cytometry using an Epics C flow cytometer (Coulter). IL-2 was quantitated in a bioassay using the IL-2-dependent cell line CTLL-2. Units of IL-2 activity were calculated by comparing [14C]thymidine incorporation in CTLL-2 cells supported with supernatants with that supported by known concentrations of recombinant IL-2 (Genzyme).
Paraformaldehyde Fixation of APC. In some experiments, APC were pulsed with antigens at 20 lZg/ml or SEB at 0.1 pg/ml at 37°C overnight and fixed with 1% (wt/vol) paraformaldehyde in Hanks' balanced salt solution followed by extensive washing. Inositol Phosphate Accumulation. Accumulation of inositol phosphates was measured as described (7, 9) . Inositol monophosphate, inositol bisphosphate, and inositol trisphosphate were eluted as described (9) . Total inositol phosphates were eluted with 0.1 M formic acid/1.2 M ammonium formate. Radioactivity was assessed by liquid scintillation counting.
Measurement of Intracellular Calcium Accumulation.
[Ca2W]i was measured by flow cytometry using the fluores- (12, 13) . To minimize CD4 cross-linking, the purified peripheral blood T cells were treated with Leu3a prior to addition of SEB and irradiated non-T cells as accessory cells. Leu3a exerted no inhibitory action on SEB-induced proliferative responses while it continued to inhibit Leu4-triggered proliferation (Table 4) . Moreover, a Fab preparation of Leu3a yielded similar results. These results suggest that anti-CD4 mAb-mediated interference of CD4-ligand interaction selectively blocks conventional antigen-induced, but not SEB-induced, proliferation. However, under conditions where cross-linking of CD4 occurs, both proliferative responses may be blocked.
DISCUSSION
In the present study we have examined the role of the CD4 molecule in T-cell responses to bacterial toxin and in the signaling pathways involved in conventional antigen-and superantigen-induced T-cell activation. Our studies show that SEB stimulates T cells in a CD4-independent manner and that conventional antigen and superantigen may be coupled to separate signal transduction pathways. We studied the effects of the anti-CD4 mAbs on three human CD4+ T-cell clones. All three clones employ VJ12-containing TCR and respond to conventional peptide antigens as well as to SEB in the presence of self class II MHC-expressing APC. Responses of the clones to SEB did not lead to increases in [Ca2+]i or inositol phospholipid accumulation, whereas IL-2 secretion, IL-2R expression, and proliferation of T cells induced by SEB were comparable to that induced by specific antigen. Furthermore, contrary to the responses elicited by conventional antigens, which were inhibited by Leu3a, none of the SEB-elicited responses were affected by Leu3a. The role of CD4 in SEB-induced T-cell activation has been controversial. Although, T-cell responses to bacterial toxins are reported to be inhibited by mAbs to CD4 (14) , details of anti-CD4 mAb treatment need closer scrutiny. Variations in anti-CD4 treatment may affect CD4 cross-linking and yield (12, 13) . Anti-CD4 mAb treatment at 37TC induces down-modulation of CD4 from the surface (5) and induces dissociation of p561ck from the cytoplasmic tail of CD4 (15) . An inhibitory effect of Leu3a on SEB-induced proliferation was noted when Leu3a was added directly to PBMC cultures (Table 3) (17) reported that SEB triggers calcium influx in a responsive T-cell clone, but 5000 times more SEB (5 Ag/ml) was needed to induce the calcium influx than the concentration (1 ng/ml) of SEB that was sufficient for inducing proliferative responses in their T-cell clone. Chatila et al. (21) observed that the toxic shock syndrome toxin 1 triggered mobiliztion of cellular Ca3+ and PI hydrolysis in both PBMC and a Jurkat cel line; this could be due to the fact that SEB and toxic shock syndrome toxin 1 bind to distinct sites on class II MHC with different affinities (22) . T cells can respond to bacterial toxin in two different ways-namely, TCR a-chain-restricted specific response and class II MHC-mediated nonspecific response (23) . These investigators observed that the former pathway was associated with an increase in [Ca2+1i while the latter was not. Our findings, however, are unlikely to represent class Il-mediated signaling since (i) we pulsed class II MHC-positive APC with SEB and washed them extensively before exposing them to T cells (i.e., the class IU binding motif was presaturated with APC), and (it) our T-cell clones did not express detectable class II surface molecules at the time of initiation ofactivation. Different experimental conditions and materials used, therefore, may account for discrepancies between our findings and previous observations cited. Further studies should clarify these issues. Nevertheless, the observations that a conventional antigen and a superantigen induce different cytokine gene expressions in the same T-cell clone (24) and that antigen and superantigen induce additive responses (20) support the theory that intracellular biochemical events initiated by TCR ligation by these two classes of ligands are functionally distinct.
In the TCR complex, the af3 heterodimer forms a clonotopic recognition unit, whereas the invariant chain of CD3, consisting of r, 8, e, C, and a, is probably essential for signal transduction. While the precise structural and stoichiometric relationships among the chains are still obscure, reports have implicated the proximity of CD38 to TCRa (25) , CD3r to TCRT (26) , and CD3E to both TCRa and TCR,8 (26, 27) .
Although the position of the ; chain in the T-cell receptor complex remains unclear, the v chain can be expressed with TCR,8 in the absence of TCRa (28) . Two recent studies present evidence that at least two subunits of the CD3 complex-namely, the E chain and the ; chain-can trans-duce signals independently, leading to the production of IL-2 (29, 30) . Reconstitution of a ; and q chain-deficient T-cell hybridoma with a full-length, but not a truncated, ; chain restored the ability to produce IL-2 in response to antigen as well as to SEB in the context of MHC (31) . These cells showed no breakdown of PI in response to antigen plus MHC. Finally, the V, chain of the TCR has been implicated as a site close to CD4 docking (4, 32) . These data also argue that antigen and superantigen most likely induce different conformational changes in the TCR-CD3 complex, which in turn give rise to separate biochemical signals. One pathway, triggered by antigen coupled to the TCRa/3, must involve CD4 and make use of PI pathway, which eventually leads to IL-2 production. Another pathway, triggered by superantigen coupled predominantly to TCRB, appears to utilize as yet undetermined second messengers, but this pathway also leads to IL-2 production.
